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Abstract: Estuaries are complex ecosystems hosting intense biogeochemical processes and habitat 
diversity, where many industrial, commercial and recreational activities develop. Located on the Brittany 
coast of northern France, the Rance estuary is a relatively small steep-sided ria, with a maximum spring 
tidal range of 13.5 m at the mouth and an average fluvial discharge of 7 m3/s [Bonnot-Courtois et al. 
(2002)]. Taking advantage of this macrotidal regime, the first 
and largest operational tidal power station in the world was 
built at the estuary mouth and is operating since the 1960s 
[Pelc and Fujita (2002)]. The estuarine area extends over a 
length of approximately 20 km between the tidal power 
station in the north and the Châtelier lock in the south (Figure 
1). The morphology of this ria is remarkably complex. Its 
layout is a function of the geology and rocks resistance that 
composes the valley (Figure 1). The estuary presents low 
suspended sediment concentration, with average values 
below 10 mg/l. However, an estuarine turbidity maximum is 
observed located in the vicinity of the Châtelier lock (Figure 
1), showing seasonal upstream downstream fluctuations 
following the saline intrusion, and reaching concentrations in 
the range of [100-300] mg/l, as observed in 1991, during a 
low tide period [Bonnot-Courtois et al. (2002)]. Despite a 
well-known drastic effect of the plant on the damping of 
estuarine water levels, little attention has been given to the 
propagation of the tidal wave along the estuary. Moreover, 
net siltation has been reported by several observations, but there is no quantitative assessment of the plant 
role on sediment dynamics along the estuary.  
In this study we analyze for the first time tidal wave patterns and sediment dynamics in this particular man-
engineered system. A preliminary numerical model, based on a 2D depth-averaged approach was 
implemented to predict the tide propagation and tidal flows in the estuary, accounting for the presence of 
the tidal power station in present-day conditions. The models used the bathymetry of 2018 and real tides 
were imposed at the estuary mouth, downstream and upstream the tidal power plant. The model was 
validated by comparison with existing data in the estuary, available at two stations. The effect of the power 
plant is analyzed by comparing the present-day tidal wave with theoretical water levels expected in the 
absence of the power-plant damping. Then, a simple parameterization of the physical variables is used to 
simulate suspended sediment transport and in particular estuarine turbidity maximum, observed near the 
freshwater/saltwater interface in the upstream area. First results are analyzed and discussed to highlight the 
role of the tidal power station on the transformation of the tidal wave along the estuary and its impact on 
the fine sediment concentration and turbidity maximum.  
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Figure 1: The Rance estuary (adapted from 
[Bonnot-Courtois et al. (2002)]) 
